Soybean plants infected with Bean pod mottle virus (BPMV) develop acute symptoms that usually decrease in severity over time. In other plant-virus interactions, this type of symptom recovery has been associated with degradation of viral RNAs by RNA silencing, which is accompanied by the accumulation of virus-derived small interfering RNAs (siRNAs). In this study, changes in the accumulation of BPMV siRNAs were investigated in soybean plants infected with BPMV alone, or infected with both BPMV and Soybean mosaic virus (SMV) and in transgenic soybean plants expressing SMV helper component-protease (HC-Pro). In many potyviruses, HC-Pro is a potent suppressor of RNA silencing. In plants infected with BPMV alone, accumulation of siRNAs was positively correlated with symptom severity and accumulation of BPMV genomic RNAs. Plants infected with both BPMV and SMV and BPMV-infected transgenic soybean plants expressing SMV HC-Pro exhibited severe symptoms characteristic of BPMV-SMV synergism, and showed enhanced accumulation of BPMV RNAs and siRNAs compared to plants infected with BPMV alone and nontransgenic plants. Likewise, SMV HC-Pro enhanced the accumulation of siRNAs produced from a silenced green fluorescent protein gene in transient expression assays, while the P19 silencing suppressor of Tomato bushy stunt virus did not. Consistent with the modes of action of HC-Pro in other systems, which have shown that HC-Pro suppresses RNA silencing by preventing the unwinding of duplex siRNAs and inhibiting siRNA methylation, these studies showed that SMV HC-Pro interfered with the activities of RNA-induced silencing complexes, but not the activities of Dicer-like enzymes in antiviral defenses.
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Keywords : dicer, posttranscriptional gene silencing, RISC, small interfering RNA Infection of plants by some viruses produces severe acute symptoms in leaves immediately above inoculated leaves, but symptoms are markedly reduced on upper leaves. This symptom recovery often is accompanied by clearance of virus from asymptomatic leaves and establishment of an antiviral state that prevents reinfection of the upper leaves with closely related viruses (Harrison and Robinson, 2005; Roth et al., 2004) . Recovery has been linked to degradation of viral RNAs by post-transcriptional gene silencing (PTGS), an innate antiviral defense system capable of rapid adaptation to different viral pathogens that is found in eukaryotes (Burgyan and Havelda, 2011) . While some viruses induce relatively uniform chronic symptoms, others retain irregularly-shaped dark-green areas with low virus titers on infected leaves. Moore et al. (2001) reported that these "green islands" on virus infected leaves, much like recovered leaves, have reduced virus titers because of PTGS of the infecting virus in these regions.
PTGS can be activated by double-stranded (ds) RNA produced during virus infection or by host RNA-directed RNA polymerases from highly abundant single-stranded (ss) RNAs (Pickford and Cogoni, 2003; Tenllado and DiazRuiz, 2001; Tijsterman et al., 2002) . Once induced, PTGS results in sequence-specific degradation of targeted RNAs (Tenllado and Diaz-Ruiz, 2001; Voinnet, 2001 ). This specificity is imparted by short, 21 to 24 nt, small interfering RNAs (siRNAs) produced from dsRNA by an RNase III-like enzyme called Dicer (Bernstein et al., 2001) . siRNAs act as guides in RNA-induced silencing complexes (RISCs) to direct the degradation of viral RNA sequences (Hamilton and Baulcombe, 1999; Hammond et al., 2000; Zamore et al., 2000) .
To counteract the restrictive effects of PTGS, many plant viruses express suppressors of RNA silencing that enhance accumulation of virus RNAs by blocking different steps in the PTGS pathway (Baulcombe, 2005; Wang and Metzlaff, 2005) . For example, the helper component-protease (HCPro) encoded by many members of the Potyviridae family of plant viruses is a potent suppressor of PTGS that can significantly enhance the pathogenicity of heterologous viruses (Pruss et al., 1997) . HC-Pros suppress PTGS by preventing the unwinding of 21-nt ds siRNAs, which prevents their incorporation into functional RISCs (Blevins et al., 2006; Lakatos et al., 2006; Shiboleth et al., 2007; Silhavy et al., 2006; Yu et al., 2006) . The P19 protein of Tomato bushy stunt virus (TBSV) suppresses silencing by sequestering 21-nt siRNAs and preventing their incorporation into RISCs Silhavy et al., 2002) . However, some viruses, like Bean pod mottle virus (BPMV), a common viral pathogen of soybean (Giesler et al., 2002) , do not express detectable levels of suppressive activities (Gu and Ghabrial, 2005) . As a consequence, BPMV titers are high and symptoms are severe early in infection, but virus titers and symptom severity decline as BPMV RNAs are degraded by PTGS. For example, obvious symptoms develop on the first and second trifoliolate leaves above unifoliolate leaves inoculated with BPMV G-7, but third and fourth trifoliolate leaves are almost symptomless (Calvert and Ghabrial, 1983) . Reduced symptom severity has been associated with lowered BPMV titers and specific infectivity of the BPMV virion, and preferential degradation of BPMV RNA1 (Calvert and Ghabrial, 1983; Kartaatmadja and Sehgal, 1990) . When soybean plants are infected with both BPMV and Soybean mosaic virus (SMV), a member of the Potyviridae, severe symptoms persist throughout the life of the plant (Ross, 1968) , and accumulation of BPMV antigens and RNAs increase from 1.3 to 6.1 fold (Anjos et al., 1992; Calvert and Ghabrial, 1983) . Similarly, expression of isolated silencing suppressors from SMV (HC-Pro), Turnip crinkle virus (coat protein; CP), or TBSV; P19 in BPMV expression vectors also enhanced BPMV symptom severity (Zhang and Ghabrial, 2006) .
As a consequence of PTGS-mediated antiviral defenses, virus-specific siRNAs accumulate in virus-infected plants (Kubota et al., 2003; Van den Boogaart et al., 2004; Xie et al., 2004 ) Chellappan et al. (2004 reported that recovery in Nicotiana benthamiana plants infected with the geminiviruses African cassava mosaic virus (ACMV) or Sri Lankan cassava mosaic virus (SLCMV) is preceded by increases in accumulation of virus-specific siRNAs. The opposite phenomenon has been observed with Avocado sunblotch viroid (ASBVd) and Cucurbit leaf crumple virus (CLCV) where accumulation of siRNAs was correlated with levels of viroid or virus genomic DNAs in infected tissues (Hagen et al., 2008; Markarian et al., 2004) , but the accumulation of BPMV-derived siRNAs during recovery and mixed infections with SMV has not been investigated.
The effects of viral suppressors of PTGS are not limited to enhancing the accumulation of heterologous viruses. Tobacco etch virus (TEV) HC-Pro has been shown to reverse silencing of ectopically expressed genes in plants (Kasschau and Carrington, 1998; Mallory et al., 2001; Voinnet, 2001) , and alter accumulation of microRNAs (miRNAs) that play important roles in cell-fate determination in both plants and animals (Ambros et al., 2003; Hunter and Poethig, 2003) . In some studies, P1/HC-Pro reduced accumulation of siRNAs while restoring expression of post-transcriptionally silenced transgenes (Anandalakshmi et al., 1998; Llave et al., 2000; Mallory et al., 2001 ). For example, TEV P1/HC-Pro suppressed PTGS of a posttranscriptionally silenced green fluorescent protein (GFP) transgene as well as the accumulation of associated siRNAs involved in accumulation of previously undetectable GFP transcripts (Mallory et al., 2002) .
In this study, transgenic soybean lines expressing HC-Pro from two different strains of SMV were used to investigate whether symptom recovery in BPMV-infected soybean plants is associated with increased siRNA accumulation, and whether synergism between BPMV and SMV can be attributed to HC-Pro-induced reductions in BPMV siRNAs.
Materials and Methods
Virus isolates and plants. BPMV isolate 98 used in these studies was collected from an infected soybean plant growing in an Illinois field in 1998, and stored at −80 ºC. SMV strains G2 and G5 were obtained from Dr. John Hill at Iowa State University, and stored at −80 ºC. The production and characterization of transgenic soybean (cv. Jack) lines carrying the uidA gene coding for β glucuronidase (GUS) and HC-Pro coding regions of SMV strains G2 and G5 were described previously (Lim et al., 2005) . The amino acid sequences of HC-Pros of SMV G2 and G5 differed at 13 of 457 positions. While some research has suggested the existence of functional domains within the HC-Pro protein with the central domain responsible for suppression of RNA silencing (Varrelmann et al., 2007) , other research has not supported that hypothesis (TorresBarceló et al., 2008; Wu et al., 2010) . Hence, it was not possible to predict the effects of the individual amino acid sequence differences on suppression of RNA silencing from their positions alone. Transgenic lines LG2 and LG5-1 expressed SMV G2 and SMV G5 HC-Pro at levels of 5% and 13%, respectively, compared to those detected in SMV G5-infected soybean plants. Neither transgenic line displayed obvious vegetative phenotypes. Seeds of nontransgenic (control) and transgenic T1 soybean lines expressing HC-Pro and GUS were planted in 50:50 soil:Sunshine Mix ® (Sun Grow Horticulture, USA) in 10-cm pots in a greenhouse. Plants were arranged in a completely randomized design on greenhouse benches, and grown under a 14 h photoperiod.
Virus inoculation. Inocula for BPMV and SMV were prepared by grinding symptomatic infected leaves in inoculation buffer (50 mM sodium phosphate, pH 7.0, 0.5% Na 2 SO 3 ) at a 1:10 (w:v) ratio. Five-day-old unifoliolate leaves were dusted with Carborundum (Fisher Scientific, USA), and rubbed with gauze pads dipped in inoculum.
Leaves were recorded as one-day-old when the three leaflets of the trifoliolate leaf were completely separated from each other (~1 cm in length).
Quantitative real-time reverse-transcription polymerase chain reaction (qRT-PCR). Whole leaves or leaflets were ground in liquid nitrogen, and total RNA was extracted from 50 mg of ground tissue using Trizol reagent (Invitrogen, USA) according to the manufacturer's recommendation. Copy numbers of BPMV RNA1 and SMV RNA were determined by qRT-PCR using minor groove-binding (MGB) probes designed using Primer Express software (Applied Biosystems, USA). The BPMV probe (5'-TAGA-AGGCAGCCAATTG-3') corresponded to nucleotide positions 1915 to 1931 in RNA1, and was labeled with 6-carboxyfluorescein at its 5' terminus, and a minor groovebinding nonfluorescent quencher at its 3' terminus (Applied Biosystem). Flanking primers were selected at positions 1858 (5'-CTCCGAAACAACAGCAGCAA-3') and 1966 (5'-AATTGGAGAAGATGCTGTGTACTCAA-3'). The MGB probe and flanking primers for SMV HC-Pro coding region and procedures for qRT-PCR were described previously (Lim et al., 2005) . Copy number standards for BPMV RNA1 and the SMV HC-Pro coding region consisted of nucleotides 621 to 2294 of BPMV RNA1 and nucleotides 1055 to 2780 of the SMV G5 genome inserted into pBluescript KS-(Stratagene, USA). Standard curves were established using a 10 7 range of 10-fold dilutions of plasmid DNAs.
BPMV RNA and siRNA accumulation over time. To monitor BPMV RNA1 copy numbers in individual leaves at different stages of development, inoculated plants were grown and sampled over 40 days. The first four fullyexpanded trifoliolate leaves were collected when the first trifoliolate was 35 days old and the fourth trifoliolate was 10 days old. To detect BPMV RNA copy numbers in individual leaflets from single trifoliolates, 5-, 15-, and 22-day-old individual leaflets of third trifoliolates were collected, and stored at −80°C. Total RNA was extracted and used for qRT-PCR analysis and siRNA detection as previously described by Lim et al. (2005) . Leaf age was recorded by tagging and dating when trifoliolates of terminal shoot growth were completely separated.
RNA gel blots. RNA preparations enriched in low-molecular-weight RNAs from plants infected with BPMV, SMV, and both BPMV and SMV were prepared as described by Mallory et al. (2003) . Leaves of N. benthamiana plants were infiltrated with Agrobacterium tumefaciens harboring plasmids pGD:smGFP, expressing a soluble-modified GFP (Davis and Vierstra, 1998) , alone or co-infiltrated with pGD:P19, expressing TBSV P19, pGD:HC-Pro, expressing SMV G5 HC-Pro (Lim et al., 2005) , or pGD:CP, expressing SMV CP, and fluorescence was detected in epidermal cells by laser scanning confocal microscopy as described by Lim et al. (2010) . Low-molecular-weight RNAs from infiltrated N. benthamiana leaves and soybean plants were prepared as described (Mallory et al., 2003) . Polyacrylamide gels prepared, blotted and hybridized with 32 P-labeled probes as described by Lim et al. (2005) for soybean samples. For RNA samples from N. benthamiana, low molecular weight RNAs specific for the smGFP gene were detected using a non-radioactive DIG probe that was synthesized by PCR using the PCR DIG Probe Synthesis kit (Roche Diagnostics) as described by Goto et al. (2003) . Hybridization was detected using the CDP-Star chemiluminescent substrate (Roche Diagnostics).
Results
BPMV synergism with SMV and transgenic soybean plants expressing SMV HC-Pro. Separately, BPMV 98 and SMV G5 produced mild symptoms on soybean cv. Jack, but plants infected with both viruses exhibited severe stunting along with deformed leaves (Fig. 1) . SMV G2 produced much more severe symptoms than SMV G5 on cv. Jack. BPMV-infected LG5-1 transgenic plants had symptoms that were more severe than those observed in BPMV-infected GUS transgenic plants, but less severe than those of plants infected with both BPMV and SMV. When inoculated with BPMV, plants from transgenic line LG2 had more severe symptoms than LG5-1 and comparable to those observed in plants infected with both BPMV and SMV (Fig. 1) . As transformed controls, BPMV-infected GUS transgenic plants exhibited mild symptoms typical of plants infected with BPMV alone at 30 days post inoculation.
qRT-PCR of total RNA from plants infected with BPMV alone showed that BPMV RNA1 abundance decreased from an average of 1.6 copies per pg of total RNA in 10-day-old leaves to 0.01 copies per pg of total RNA in 35-day-old leaves ( Fig. 2A) . The abundance of BPMV RNA1 in plants infected with both BPMV and SMV G5 did not differ significantly between 10-and 35-day-old leaves. In 5-, 10-, and 15-day-old leaves, the copy numbers for BPMV RNA1 were not significantly different in plants infected with either BPMV alone or with both viruses. Beginning with 20-day-old leaves, BPMV RNA1 copy numbers decreased in plants infected with BPMV alone. In 35-day-old leaves, BPMV RNA 1 copy numbers were 27.4-fold lower in plants infected with BPMV alone than in plants infected with both BPMV and SMV G5 ( Fig. 2A) . At this sampling date, plants infected with both viruses had more severe symptoms than plants infected with either virus alone (Fig. 1) .
When BPMV copy numbers were compared over time among BPMV-infected transgenic lines GUS, LG2, and LG5-1 and nontransgenic soybean plants infected with both BPMV and SMV G5, the accumulation of BPMV RNA1 did not differ significantly in 5-and 15-day-old leaflets ( Fig. 2B) . Leaflets (22-day-old) of BPMV-infected transgenic lines GUS and LG5-1 (expressed SMV G5 HC-Pro) accumulated significantly less BPMV RNA1 than both non-transgenic soybean plants infected with SMV G5 and plants of LG2 transgenic line expressing SMV G2 HC-Pro. The accumulation of BPMV RNA1 was not reduced significantly over the course of the experiment in non-transgenic soybean plants infected with BPMV and SMV G5 or in BPMV-infected plants of the LG2 transgenic line. BPMV siRNA accumulation in doubly-infected and BPMV-infected HC-Pro-transgenic plants. When lowmolecular-weight-enriched RNA from transgenic plants infected with BPMV were separated on polyacrylamide gels, blotted to nylon membranes, and hybridized with BPMV-specific probes, siRNAs were detected readily from the third (25-day-old) to the seventh (5-day-old) trifoliolate leaves (Fig. 3) . At all sampling dates, the accumulation of BPMV-specific siRNAs paralleled the accumulation of BPMV genomic RNA (Fig. 2) in both singly-and doublyinfected plants (Fig. 3) . In the third and fourth trifoliolates, the accumulation of BPMV siRNAs was greatly reduced in plants infected with BPMV alone. However, the levels of BPMV siRNAs in doubly-infected plants remained nearly constant as leaves aged (Fig. 3) . In plants infected with BPMV alone, BPMV siRNAs were detected in 10-day-old symptomatic leaves, but not from recovered asymptomatic 20-day-old leaves (Fig. 4) .
In fourth trifoliolates, BPMV siRNAs were detected in all singly-and doubly-infected and BPMV-infected HC-Pro transgenic plants (Fig. 5A) . In 15-day-old leaflets, LG5-1 accumulated BPMV siRNAs at levels lower than LG2, but at levels higher than plants transformed with GUS alone RNA blot of low-molecular-weight-enriched RNAs samples (5 µg) extracted from the symptomatic and asymptomatic leaflets. RNAs were separated on polyacrylamide gels, blotted to nylon membranes and hybridized with 32 P-labeled probes for both BPMV RNA1 and RNA2. The migration of a 21-nt DNA oligonucleotide size standard is indicated. An ethidium bromide (EtBr) stained gel is shown below the blot as a loading control. Fig. 5 . Accumulation of BPMV and SMV siRNAs in third trifoliolate leaves. Low-molecular-weight-enriched RNA samples were extracted from leaflets of 5 (A) and 15-day-old (B) BPMVinfected third trifoliolates and 15-day-old SMV-infected trifoliolates (C). Five µg RNA were separated on polyacrylamide gels, blotted to nylon membranes and hybridized with 32 P-labeled probes for both BPMV RNA1 and RNA2 (A and B) or SMV RNA (C). (A and B) All plants were infected with BPMV. In addition two groups of plants were infected with BPMV and SMV G2 or SMV G5. (C) Plants were infected with SMV alone or BPMV and SMV. GUS: uninfected nontransgenic soybean plant transformed with pCAMBIA1305.1; LG2: transgenic soybean expressing SMV G2 HC-Pro; LG5-1 transgenic soybean expressing SMV G5 HC-Pro. The migration of a 21-nt DNA oligonucleotide size standard is indicated. Ethidium bromide (EtBr) stained gels are shown below autoradiographs as loading controls. (Fig. 5B) . Even though LG2 transgenic plants expressed HC-Pro at lower levels than LG5 plants, LG2 plants accumulated BPMV siRNAs at levels only slightly lower than doubly infected plants in 15-day-old leaflets. Fifteenday-old leaflets of plants infected with BPMV and either SMV strains G2 or G5 accumulated BPMV siRNA levels as high or higher than in 5 day-old leaflets (Fig. 5B) . Accumulation of SMV siRNAs was not altered by coinfection with BPMV in 15-day-old leaves (Fig. 5C ).
SMV HC-Pro suppressed silencing of smGFP in N. benthamiana and enhanced siRNA accumulation. Because HC-Pros have been reported to differentially affect the accumulation of different classes of small RNAs derived from dsRNA and sense ssRNA templates (Chapman et al., 2004; Mallory et al., 2002; Wu et al., 2010) , we tested RNA silencing suppression activity of SMV HC-Pro using an Agrobacterium-mediated transient protein expression system in N. benthamiana (Bayne et al., 2005; Johansen and Carrington, 2001) . In this assay, N. benthamiana leaves were infiltrated with Agrobacterium harboring pGD:smGFP alone or in combination with pGD:HC-Pro, pGD:P19, pGD:CP or the empty pGD vector (Fig. 6A) . In leaves coinfiltrated with pGD:smGFP and pGD, low intensity green fluorescence was observed at 2 days after infiltration (Fig.   6A) ; the small bright circular spots present on these and all other infiltrated leaves resulted from autofluorescence of damaged tissue at the sites of infiltration. The intensity of the GFP fluorescence was substantially higher in leaves coinfiltrated with pGD:smGFP and HC-Pro or pGD:smGFP and pGD:P19 (Fig. 6A) . GFP fluorescence was not observed in control tissue infiltrated with Agrobacterium containing the pGD vector alone. Suppression of RNA silencing by SMV HC-Pro was similar to results with TBSV P19 (Fig.  6A) . We further assessed the HC-Pro-, and P19-infiltrated tissue for the presence of smGFP-derived siRNAs by RNA blot analysis using a probe targeted against smGFP. At 2 days after infiltration, a very low amount of siRNA was present in samples infiltrated with pGD:smGFP alone or pGD:smGFP with pGD:CP (Fig. 6B lanes 1 and 2) . However, significantly more smGFP siRNA was present with HC-Pro (Fig. 6B, lane 3) . Similar to results reported by Silhavy et al. (2002) , no significant accumulation of siRNA was observed when pGD:smGFP was co-infiltrated with TBSV P19 (Fig. 6B) . The TBSV P19 protein suppresses RNA silencing by sequestering 21to 24-nt dsRNAs and inhibiting the action of argonaute proteins and production of secondary siRNAs (Silhavy and Burgyan, 2004) . Anjos et al. (1992) and Calvert and Ghabrial (1983) showed that accumulation of BPMV antigen and RNA was about seven-fold higher in third trifoliolates at 22 days after inoculation in soybean plants infected with BPMV and SMV compared to plants infected with BPMV alone. Their findings were confirmed in this study using QRT-PCR to quantify changes in BPMV RNA1 levels at different times after infection and developmental stages. Even though BPMV titers were enhanced in doubly-infected plants, the results showed that the primary role of SMV in BPMV-SMV synergism was to stabilize BPMV titers. BPMV RNA1 copy numbers in young-emerging leaves were similar from plants infected with BPMV alone and plants infected with both BPMV and SMV. In doubly-infected plants, BPMV RNA1 copy numbers remained high at all sampling dates; while, BPMV RNA1 copy numbers in plants infected with BPMV alone decreased by 27-fold as leaves matured. From these results, we concluded that BPMV RNA was degraded faster in leaflets infected with BPMV alone than in doubly-infected leaflets. Kartaatmadja and Sehgal (1990) showed that BPMV virions purified from infected soybean plants at 25 days after inoculation contained partially degraded RNA1 and proteolytically cleaved 24-kDa CP. HC-Pros of Lettuce mosaic virus and Potato virus Y interact with and affect the enzymatic activities of 20S proteasome, which are involved in protein and RNA turnover (Ballut et al., 2005; Dielen et al., 2010; Jin et al., 2007) . The combination of these results with those studies suggest that the turnover of BPMV ribonucleoprotein complexes must be constantly replenished by transcription and translation of BPMV RNAs that is facilitated by the protective action of SMV in doubly-infected plants.
Discussion
In this study, we also showed that co-infection of plants with BPMV and SMV or inoculation of transgenic soybean plants expressing SMV HC-Pro enhanced the accumulation of both BPMV genomic RNAs and siRNAs and showed typical symptoms of dual infection by BPMV and SMV. Soybean line LG2, expressing HC-Pro of SMV strain G2, showed higher levels of BPMV genomic RNA and siRNA accumulation and more severe symptoms than BPMVinfected LG5-1, which expressed the mRNA encoding HCPro of SMV strain G5 at more than twice the level of LG2 (Lim et al., 2007) . Savenkov and Valkonen (2001) developed transgenic N. benthamiana plants expressing the Potato virus A (PVA) HC-Pro coding region, and showed that HCPro was sufficient to promote synergism between PVA and Potato leaf roll virus (PLRV). In that study and the results reported here, the levels of enhancement of virus titers by transgenic HC-Pro were lower than those observed in doubly-infected plants. This might be attributed to lower levels of HC-Pro expression in transgenic plants than in virus-infected plants. The highest expressing transgenic line only expressed SMV HC-Pro mRNA at about 13% of that found in young leaves of SMV-infected plants (Lim et al., 2005) . It is also possible that P1 is required to fully suppress PTGS or stabilize HC-Pro. While analyzing Potato virus X (PVX) and TEV synergism, Pruss et al. (1997) concluded that TEV HC-Pro was sufficient to produce synergistic responses with PVX, but the entire P1/HC-Pro coding region was required to prolong accumulation of PVX negativesense RNA. Additional studies will need to be conducted to define the role of the SMV P1 protein in the synergism between SMV and BPMV.
In plants infected with BPMV alone, or both BPMV and SMV, or transgenic plants expressing SMV HC-Pro, BPMV symptom severity paralleled BPMV RNA and siRNA accumulation. These results are very similar to those reported for ASBVd and CLCV (Hagen et al., 2008; Markarian et al., 2004) . Because BPMV siRNAs continued to accumulate even though PTGS was suppressed, SMV HC-Pro must promote synergism by suppressing PTGS at a step downstream of the production of siRNA from viral dsRNAs by Dicer-like enzymes. This interpretation is consistent with the mode of action of HC-Pro, which in other systems has been shown to suppress PTGS by preventing the unwinding of duplex siRNAs and inhibiting HEN1-dependent methylation of siRNAs thereby preventing their assembly into functional RISCs (Blevins et al., 2006; Lakatos et al., 2006; Shiboleth et al., 2007; Silhavy et al., 2006; Yu et al., 2006) . Overall, these studies showed that SMV HC-Pro interfered with the activity of RISCs in antiviral responses in soybean, but not the activities of Dicer-like enzyme(s).
